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Context.-Short patient wait times are critical for patient satisfaction with outpatient phlebotomy services. Although increasing phlebotomy staffing is a direct way to improve wait times, it may not be feasible or appropriate in many settings, particularly in the context of current economic pressures in health care.
Objective.-To effect sustainable reductions in patient wait times, we created a simple, data-driven tool to systematically optimize staffing across our 14 phlebotomy sites with varying patient populations, scope of service, capacity, and process workflows.
Design.-We used staffing levels and patient venipuncture volumes to derive the estimated capacity, a parameter that helps predict the number of patients a location can accommodate per unit of time. We then used this parameter to determine whether a particular phlebotomy site was overstaffed, adequately staffed, or understaffed.
Patient wait-time and satisfaction data were collected to assess the efficacy and accuracy of the staffing tool after implementing the staffing changes.
Results.-In this article, we present the applications of our approach in 1 overstaffed and 2 understaffed phlebotomy sites. After staffing changes at previously understaffed sites, the percentage of patients waiting less than 10 minutes ranged from 88% to 100%. At our previously overstaffed site, we maintained our goal of 90% of patients waiting less than 10 minutes despite staffing reductions. All staffing changes were made using existing resources.
Conclusions.-Used in conjunction with patient waittime and satisfaction data, our outpatient phlebotomy staffing tool is an accurate and flexible way to assess capacity and to improve patient wait times.
(Arch Pathol Lab Med. 2014;138:929-935; doi: 10.5858/ arpa.2013-0450-OA) S everal studies have shown that patient wait times have a significant influence on patient satisfaction in the outpatient phlebotomy setting. [1] [2] [3] A College of American Pathologists Q-Probes study involving 29 467 outpatients from 540 institutions showed that increased patient wait time for phlebotomy services was significantly correlated with lower patient satisfaction with the phlebotomy procedure. 4 When using outpatient phlebotomy services at our institution, patients follow a multistep process that includes checking in with their requisition form, entering their name and arrival time into a log book, and waiting to be called in. Likewise, phlebotomists must perform a series of tasks before seeing the patient, including entering providers' orders into the laboratory information system and printing out specimen labels ( Figure 1 ). Inadequate phlebotomy staffing could increase patient wait time and decrease patient satisfaction. Although increasing staffing levels is the most direct way to improve patient wait times, it may not be feasible or appropriate in many settings, particularly in the context of current economic pressures in health care.
In recent decades, many clinical laboratories have introduced Lean and Six Sigma process improvement principles. 2, [5] [6] [7] Several groups, including our own, have applied these or similar management tools to improve phlebotomy services. 2, 5, 6, 8 For example, we recently developed and implemented a new inpatient phlebotomy staffing model that improved the timeliness of specimen collections without requiring additional resources. 5 In addition, we made systematic changes to workflow in a large outpatient phlebotomy laboratory that reduced patient wait times and improved patient satisfaction. 2 As an extension of our Lean efforts in phlebotomy and to address concerns about patient wait time at several outpatient phlebotomy locations, we wanted to systematically optimize staffing across all of our outpatient phlebotomy draw sites. The initial step in this effort included developing a standardized method to quantify the capacity of our various outpatient phlebotomy locations featuring differing patient populations, scope of service, process workflows, and numbers of available draw chairs. In this article, we describe the application of this internally derived method to assess and optimize outpatient phlebotomy staffing. We also illustrate how patient wait time and overall satisfaction with phlebotomy services can serve as useful metrics to monitor the effectiveness of staffing changes.
METHODS
This study was approved by the Partners Human Research Committee.
Study Site
Brigham and Women's Hospital is a 793-bed academic medical center located in Boston, Massachusetts. The clinical laboratory provides phlebotomy services for both inpatients and outpatients. Brigham and Women's Hospital has a total of 38 outpatient phlebotomists that staff 14 outpatient phlebotomy draw sites and collectively perform an estimated 150 000 venipunctures annually. Staffing levels vary at each location, ranging from a single phlebotomist at our smallest draw site to 7 phlebotomists at our busiest site. The patient population at each draw site also differs, encompassing the full spectrum of clinical and research disciplines, including surgery, neurology, cardiology, and obstetrics, but excluding pediatrics.
Workflow at Outpatient Phlebotomy Sites
Although somewhat variable among phlebotomy locations, the typical workflow at our outpatient draw sites is as follows: (1) the patient arrives, hands in the laboratory requisition form at the check-in desk, enters his or her name and arrival time into a log book, and waits to be called; (2) the phlebotomist enters the providers' orders into the laboratory information system, prints the specimen labels, and places the requisition form and specimen labels into the ready basket; (3) the phlebotomist calls the patient based on arrival time and draws the specimen according to standard venipuncture procedure; and (4) the patient leaves and the phlebotomist sends the specimen(s) to the appropriate laboratory for testing ( Figure 1 ). It should be noted that Brigham and Women's Hospital does not have an electronic order communication system in place and that all providers' orders must be entered manually into the laboratory information system.
Outpatient Phlebotomy Staffing Tool
We developed a management tool to assess the adequacy of our staffing levels at each outpatient phlebotomy site and identify opportunities to reallocate, decrease, and/or increase staffing to match demand. Similarly to our inpatient staffing model, 5 we used staffing levels and patient venipuncture volumes to derive an estimated capacity, using the procedure described below. The patient venipuncture volume for a 3-month period (December 1, 2011-February 29, 2012) at each site was downloaded from our laboratory information system. The median and 90th percentile of patient volume at each site was determined in successive 30-minute time intervals during the hours of operation. Patient volumes were analyzed for each day of the week (Monday through Friday). The data from different days were combined in instances where patient volumes were similar across days of the week. The estimated capacity was calculated as the product of the number of phlebotomists and the time interval (30 minutes), divided by the service time per draw (see Table for definitions). For example, if we determined that the service time per draw was 10 minutes and that 3 phlebotomists worked at our site of interest, the estimated capacity for that site would equal (3 3 30)/10) ¼ 9. In other words, the site would have the estimated capacity to draw 9 patients in a 30-minute time interval. To determine a representative service time per draw (Figure 1 ), we observed phlebotomists at 4 different outpatient phlebotomy locations with varying patient populations and numbers of draw chairs during historically busy times of the day. A total of 169 draws were observed during a 16-day period (April 10 through 25, 2012). The service time was recorded to the nearest minute. Our observations showed that the median, 75th percentile, and 90th percentile of service time were 5, 8, and 10 minutes, respectively. We chose a service time of 10 minutes, corresponding to the 90th percentile, for our model (Figure 1) .
We analyzed staffing levels at each of our 14 outpatient phlebotomy sites. Patient volumes, both median and 90th percentile, and estimated capacity were plotted in 30-minute time intervals throughout the day.
Analyzing the Staffing Model Results
Our goal was to ensure that each site had enough capacity to accommodate the patient volume at the 90th percentile. Therefore, at sites where the 90th percentile of patient volume was above estimated capacity (ie, patient volume exceeded the number of patients the tool determined the phlebotomy location could accommodate) at a particular time, we concluded that the location was understaffed at that time of day. Similarly, at sites where the 90th percentile of patient volume was below estimated capacity at a particular time, we concluded that the location was overstaffed at that time of day.
Outcome Metrics: Patient Wait Time and Patient Satisfaction
We chose 3 representative phlebotomy sites (sites 1, 2, and 3) at which to make staffing changes based on several factors including historically high patient volumes, relatively high frequency of patient, physician, and/or phlebotomist complaints, and imbalances between staffing levels and patient volume (either overstaffing or understaffing). Patient wait times (Figure 1 ; see Table for definition) were collected from sign-in sheets, filled in by either the patient or the phlebotomist, or from requisition forms, stamped by the phlebotomist with patient arrival and call-in times. Our goal was to achieve a wait time of less than 10 minutes for 90% of patients. The percentage of patient wait times less than 10 minutes was calculated per 30-minute time interval, combining all days of the week where appropriate.
Pre-and post-staffing change patient wait times were collected at site 1 for 4-week periods from April 16 to May 14, 2012 (n ¼ 1119), and October 9 to November 14, 2012 (n ¼ 1349), respectively. Patient wait times from October 13 to 22, 2012, were excluded because of inconsistent staffing levels during that time period. Site 2 post-staffing change patient wait times were collected between noon and 4 PM (the time the staffing change was made) from April 22 to May 3, 2013 
In addition, patient satisfaction surveys ( Figure 2 ) were administered at site 3. The surveys asked patients 6 questions concerning customer service, wait time, phlebotomist skill, cleanliness, privacy, and overall satisfaction. Patients were asked to respond to the questions using a 5-point Likert scale (excellent, very good, good, fair, or poor). In addition, patients were asked to estimate their wait time ( 
RESULTS

Site 1
Using our staffing tool, we determined that site 1 (n ¼ 4219 blood draws) was understaffed from 7 to 8:30 AM and from 3 to 5 PM (Figure 3) . We therefore increased staffing in the early morning (7-8:30 AM) and afternoon (12:30-5 PM) to ensure that at least 2 phlebotomists were working through- 
Terms and Definitions Term Definition
Time interval 30 minutes in this study. We determined patient volume, staffing, and capacity at each phlebotomy site in 30-minute increments (e.g., 7 to 7:30 AM).
Service time
The amount of time the phlebotomist spends accessioning the providers' orders into the laboratory information system (step 2 in Figure 1 ) plus the amount of time the phlebotomist spends drawing the patient specimens (step 3 in Figure 1 ). Service time was used in our internally derived staffing tool (see ''estimated capacity'' below).
Patient wait time
From patient arrival at the draw site to the patient getting called by the phlebotomists for the blood draw as shown in steps 1 and 2 of Figure 1 . Wait time was used as metric in this study.
Estimated capacity
The number of patients that can be seen within a time interval (i.e. 30 minutes) at a specific phlebotomy site. It is calculated using an internally derived tool (estimated capacity ¼ (number of phlebotomists 3 time interval)/service time per draw).
out the day. Prior to implementing these staffing changes, we observed a high percentage (as high as 38% at 7:30 AM and 36% at 4 PM) of patients waiting longer than 10 minutes in the early morning (7) (8) and late afternoon (3-4:30 PM) (n ¼ 1119) (Figure 4 ). After implementing the above changes, we achieved our goal of 90% of patients waiting less than 10 minutes for all hours of the day (n ¼ 1349) (Figure 4 ).
Site 2
Our staffing tool indicated that site 2 (n ¼ 8983 phlebotomy draws) was overstaffed between noon and 4 PM ( Figure 5 ). Accordingly, we decreased staff during this time interval and relocated 1 phlebotomist to the understaffed site 1. Despite this reduction, we were able to maintain our goal, with 93% (454 of 488) of patients waiting less than 10 minutes between noon and 4 PM.
Site 3
This particular site (n ¼ 2395 phlebotomy draws) was understaffed between 8:30 AM and 4:30 PM ( Figure 6) ; however, space constraints prevented us from having more than 1 phlebotomist at any given time. Thus, the only feasible intervention was to use a phlebotomist to cover the lunch break (noon-1 PM), when there previously was no phlebotomist working. As expected, this resulted in a significant decrease in patient wait times between noon and 1:30 PM; 88% of patients waited less than 10 minutes ( Figure 7 ). Patient wait times throughout the remainder of the day were virtually unchanged, as average patient wait time was 12 minutes both pre-and post-staffing change and median patient wait time was 10 minutes both pre-and post-staffing change (data not shown).
Patient satisfaction surveys were also administered at site 3. The percentage of patients reporting wait times greater than 10 minutes dropped from 21% (13 of 57) to 11% (7 of 63) after implementation of the staffing changes, with no patient-reported wait times exceeding 25 minutes (Figure 8 ). Though not dramatic, the percentage of patients classifying the wait time as excellent increased from 75% to 83% poststaffing change (data not shown). 4219 phlebotomy draws) . The black and gray bars represent median and 90th percentile of patient volumes, respectively. The black line represents the estimated capacity prior to staffing changes. Patient volumes were considerably above estimated capacity between 7 and 8:30 AM and 3 and 5 PM, indicated by the dashed gray circles.
COMMENT
As hospitals cope with rising health care costs, clinical laboratories are expected to improve services using limited resources.
2,5-7 Our laboratory was successful in using Lean principles to streamline processes and improve quality without increasing costs. 2, 5 The present study represents a continuation of our effort to improve overall patient satisfaction with phlebotomy services, particularly patient wait time. 2, 5, 8 We deployed a novel approach to standardize the evaluation of staffing levels in outpatient phlebotomy, independent from variations in patient population, process workflows, and number of available draw chairs.
Our staffing tool used common, readily available data, such as staffing levels and patient venipuncture volumes, to identify understaffed and overstaffed phlebotomy sites. These data could be collected electronically or manually, as described in this article. Furthermore, the flexibility of our model allowed for a range of staffing interventions, depending on the goals of each individual clinical laboratory or as a function of varying patient population and available resources. For example, we chose to staff phlebotomy sites to the 90th percentile of patient volume to achieve our wait-time goal, whereas other labs may choose to use a lower or higher percentile, depending on their objectives and resources.
In addition to using patient wait time as an endpoint, we used patient satisfaction surveys to assess other qualitative aspects of the patient experience, including customer service, phlebotomist skill, cleanliness, privacy, and overall satisfaction. 2 We aim to perform patient satisfaction surveys yearly at most of our phlebotomy locations. At site 3 we had an opportunity to use patient satisfaction surveys that were administered in close proximity to the staffing change. We saw improvement in patient satisfaction at site 3 related to patient wait time, though other variables were essentially the same pre-and post-staffing changes (data not shown). The lack of an impact on the other areas of patient satisfaction can be explained by the fact that we assessed satisfaction for all patients throughout the day, though our change in staffing occurred only during lunch, from noon to 1 PM. It should also be noted that we are unable to retrospectively determine whether or not patients estimated their wait times accurately because patient surveys were anonymous. Nonetheless, we have found that patient satisfaction surveys can yield useful data and will continue to use this metric. 2 Optimized phlebotomy staffing could also improve clinicians' and phlebotomists' satisfaction by decreasing the number of patient complaints and ensuring faster laboratory turnaround time. Our staffing changes resulted in fewer clinicians' complaints at site 3 and, according to phlebotomists at site 1, an improved work environment (anecdotal observations). We plan to consistently monitor clinician and phlebotomist satisfaction moving forward by extending our existing inpatient incident reporting system to outpatient phlebotomy.
There was a limitation in our analysis of the wait-time metric at site 2, as wait-time data pre-staffing change were unavailable because of inconsistent data collection. However, it should be noted that site 2 was overstaffed before the intervention and 93% of patients waited less than 10 minutes after our staffing changes, suggesting that this particular site would most likely have met our goal of 90% of patients waiting less than 10 minutes in the preintervention period.
There are also several limitations to our method of optimizing staffing levels. First, the staffing tool is unable to address some intrinsic limitations such as lack of space to accommodate additional phlebotomists or patient chairs, as was the case with our site 3. Next, there may be logistic constraints to implementing staffing changes for short periods of time (ie, less than 4 hours) because moving staff between sites is inefficient because of travel time. Further, institutional support may be needed to secure additional staffing in settings that do not permit internal shifting of resources. However, our management tool could provide objective data to justify these requests for additional staff, particularly in those circumstances when standard process improvement maneuvers have been exhausted. In summary, continuing our process improvement effort in our phlebotomy services, 2, 5 we have created an accurate, adaptable, and easy-to-use tool that can systematically optimize staffing levels across multiple outpatient phlebot- omy sites. We have also identified useful metrics to assess the effectiveness of staffing intervention such as patient wait time, patient satisfaction, and potentially clinician and phlebotomist satisfaction. Our management tool can be used in tandem with workflow optimization efforts 2 to improve phlebotomy services and patient satisfaction.
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